Introduction 32 33
Worldwide increasing demand of new fabrics increases the consumption of dyes that is 34 estimated in 800,000 t annually [1] . Reactive dyes represent an important fraction of the 35 commercialized synthetic dyes used (approximately 12% of the worldwide production) [2] . 36
The main environmental problem associated with the reactive dyes is their low exhaustion. 37
Frequently, the fixation efficiency of these dyes range between 60% and 90% Electrochemical processes are electronic transferences between two compounds where these 51 transferences take place between the substratum and the metallic electrodes, usually inert, by 52 means of the electrical current [4] . Generally, these techniques work under soft conditions 53 (room temperature and atmospheric pressure) but their main advantage is that they do not 54 need the addition of any chemical reagent [5] . 55 56
Some authors have applied the electrochemical techniques to the destruction of toxic or non 57 biodegradable organic compounds in wastewater (phenols, cyanides, PCB's…). In the case of 58 textile organic dyes, the electrochemical treatment has been mainly proposed for the colour 59 removal [6] although the mineralization of residual dyes has also been reported [7] . From a 60 practical point of view, the electrochemical treatment is only useful to remove effluents color, 61 discarding the complete mineralization to CO 2 and H 2 O because of its high cost [8] . 62
Reactive dyes are usually difficult to biodegrade [9] but if they undergo an electrochemical 63 treatment, they can be broken into colourless smaller molecules which can be removed in a 64 further biological treatment. Most of dyes contain azo groups (-N=N-) that can be oxidized to 65 nitrocompounds when oxidation occurs or reduced to amines when reduction occurs [10] . 66 Although some reduction electrochemical treatments of colour removal of textile effluents 67 have been reported [11] , the oxidation treatments are more common. 68
Oxidation processes can be classified in two types: those which take place on the electrode 69 surface, known as direct oxidation and those which take place due to the action of molecules 70 formed in the anode, known as indirect oxidation. Electrochemical treatments were performed in an undivided electrolytic cell based on the 152 commercial cell ECO 75 (ELCHEM, Germany), which was initially designed to obtain 153 hypochlorite for disinfection. Cathodes were constituted by titanium and anodes were made of 154 titanium covered by platinum oxides. The total surface area of each electrode was 486 cm 2 . 155
The volume of the vessel was 1L. The cell was able to treat up to 25 L h -1 which allows its use 156 at industrial scale. 157 158
The experimental plant was constituted by the electrochemical cell, the pump to feed the 159 system and the deposit to store the treated wastewater. This plant operated continuously, and 160 the flow rate was fixed at 20 L h -1 . The source supply allowed regulating the current among 0 161 and 25 A. (1) initial, (2) immediately after electrochemical treatment at 6 mA/cm 2 , (3) 15 min UV, 275 (4) 30 min UV, (5) 45 min UV, (6) 60 min UV, (7) 2 hours UV, (8) 3 hours UV, (9) and 276 (10) 4 and 10 hours UV respectively (same line). 277
It can be seen that the absorbance in the visible region was partially reduced after the 278 electrochemical experiment (performed at 6 mA/cm 2 ) and completely removed later by 279 applying UV light. 280 281
During the UV irradiation step, the absorbance evolution in the visible spectrum region 282 (evaluated at the dye maximum wavelength) was found to be mainly influenced by the current 283 density applied in the electrochemical treatment and chloride ion concentration in the solution 284
( The electrochemical treatment was performed at two different current densities, 3 and 6 295 mA/cm 2 . From Figures 3.a and 3.b it can be appreciated that colour removal due to 296 electrochemical treatment (time t = 0 min. of UV light exposure) was greater when current 297 density was also greater. 298 299
The highest differences in the colour removal behaviour were clearly attributed to action of 300 chloride ion. The electrochemical treatment showed poor results of decolourization and the 301 later UV exposure was also ineffective in the absence of chlorine. 302 303
In Figure 3 .a, it can be seen that more than 95% of decolourization was reached in solutions 304 containing between 0.5 to 5 g L -1 NaCl after 60 minutes of UV light exposure. Even when 305 using only 0.25 g L -1 of NaCl an 80% of colour removal was reached for the same exposure 306 time. 307 308
In figure 3 .b, values of colour removal were higher than in figure 3 .a, as the current density 309 was also higher but a similar general behaviour was observed. From the experimental results performed on dye solutions containing NaCl between 0.25 and 327 0.5 g L -1 , it can be concluded that after an electrochemical treatment at 3 mA/cm 2 and a later 328 UV radiation treatment during 60 minutes, at least an 80% of colour removal is achieved. 329
This discolouration of the effluent is sufficient and treatments more intensive are not required. 330 We must consider that the contribution of the coloured effluents to the total plant wastewater 331 is only about a 10%. The dilution with the rest of process effluents and the subsequent 332 biological treatment ensure that final wastewater will be able to accomplish regulations. At the lower current density (3 mA/cm 2 ) and immediately after electrochemical treatment, the 369 COD decreased an 11% and it reached a 15% after 60 minutes of UV irradiation. When 370 current density applied was 6 mA/cm2, the COD removal was a 17% in the first step and a 371 20% in the combined process after 60 minutes of UV treatment. The maximum organic matter 372 removal accomplished was a 38%. It was reached at 6 mA/cm 2 , after four hours of UV light 373 exposure (COD values are listed in section 3.5). 374 375 A full mineralization could be reached with a higher intensity electrochemical treatment [26, 376 27] and probably also with a more intense UV exposition (or a combination of both) but 377 economical cost of the process would be very high what makes it a non attractive method to 378 be applied at industrial scale for the mineralization of dyeing effluents. Complete degradation 379 of textile effluents can be achieved by several other methods, such as conventional activated 380 sludge biological treatments, at lower economical costs. 381 382
For this reason, the combination of electrochemical techniques with UV treatment is proposed 383 as a previous step to the biological treatment, where the coloured effluents (about the 10% of 384 the total plant effluents) are treated separately and, once the dyes molecules have been broken 385 and converted in smaller size and more biodegradable compounds, they can be easily treated 386 in the biological plant with the rest of effluents (scouring, bleaching, washing, etc.). The 387 colour removal by electrochemical treatment-UV irradiation after the biological treatment is 388 also possible, although it is less in advantageous as a much higher volume of water must be 389 treated. 390 391
More details about dye degradation when applying UV light can be obtained from figure 2 392 where the evolution of the effluent absorbance during its exposition to UV light versus time is 393
shown. There are three important regions to be studied. The first one is centred at 488 nm and 394
shows how the effluent is decolourized, mainly attributed to the azo bounds breakages. The 395 second area is the band at λ max 290 nm which corresponds to the aromatic rings of the dye. 396
The intensity of this band decreases in time during UV exposure, due to the degradation of the 397 aromatic dye fragments. Finally, the third region, absorption under 200 nm, can be attributed 398 to carboxylic acid accumulated at the final stage of the oxidation. This represents the residual 399 COD present in the effluent [28] . 400 401
The evolution of these three bands shows clearly that the combination of electrochemical and 402 UV light exposure produces a breakage of the molecular bonds of the dye. The compounds formed are dichloromethane, chloroform, trichloroethylene, 432 bromodichloromethane mainly at ppb concentrations, as indicated in Figure 4 and in Table 3 . 433
The formation of bromodichloromethane is attributed to the bromide trace impurities of the 434 NaCl. 435 436 437 From the results in The application of UV light irradiation after electrochemical treatment improves the yield of 532 the first process in the degradation of reactive dyes in terms of colour removal and organic 533 matter removal. The combination of the two techniques allows to perform the 534 electrochemical treatment at lower current densities. 535 536
A small amount of Cl -ion is recommended in order to obtain an effective combination of 537 electrochemical treatment and UV exposure, the optimum was found to be between 0.25 and 538 0.5 g/L NaCl. In this range, decolourization kinetic constants values (k d ) are much greater 539 than expected and a 95% of colour removal can be reached in short exposition times. 540
During the electrochemical treatment, some halogenated compounds can be formed due to the 541 chloride reactions. When working at low current densities, as the selected in this study, only 542 four halogenated compounds were detected after the electrochemical treatment, being the 543 chloroform the only one significant. Their concentrations were dramatically reduced when the 544 NaCl concentration decreased. In addition, the UV irradiation showed a chloroform 545 destruction up to a 75%. 546 547 548 Acknowlegdements 549 550
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